INTRODUCTION
The critical step in generating a knockout mouse is gene-targeting vector construction. Recombineering technology has greatly streamlined the vector construction process. This protocol describes a method for making conditional knockout (cko) targeting vectors using the pSim18 plasmid. This plasmid carries the three γ phage Red genes (Gam, Bet, and Exo) under the control of the pL promoter, which is in turn regulated by the temperature-sensitive CI857 repressor. Hence, the heat-inducible recombineering functions can be easily delivered to bacterial artificial chromosomes (BACs) using a simple plasmid transformation, allowing one to manipulate any cloned mouse genomic region in Escherichia coli for cko vector construction. The conditional targeting vectors described in this protocol generate a flexible reporter/null/conditional allele in the mouse.
RELATED INFORMATION
The first step to making a cko allele for a gene is to identify the critical exon(s) of the gene which encode(s) the essential functional domains of the protein. The critical exon(s) is then flanked by loxP sites, which are targeted to the intronic regions flanking the critical exon(s). Mice containing the cko alleles should be phenotypically normal unless they are bred to a Cre-expressing transgenic line. Depending on the nature of the promoter controlling Cre recombinase expression (ubiquitous or tissue-specific), deletion of the loxP-flanked ("floxed") region can occur in all cells, in specific cells/ tissues, or at certain developmental stages. Here we describe construction of a Bcl11b gene cko targeting vector for a multipurpose allele that can serve as a conventional knockout (ko), a cko, and a reporter allele. This recombineering protocol was adapted from our recent publication, which also describes procedures for high-throughput operations in 96-well plates (Chan et al. 2007 ). An overview of our protocol is provided in Figure 1 . 
Equipment
Electroporation cuvette (0.1-cm gap) (Bio-Rad) Equipment for agarose gel electrophoresis Gene Pulser Xcell Electroporation System (Bio-Rad) Heat block (Grant Instrument) Ice Incubator (microbiological) preset to 37°C Incubators (shaking) preset to 32°C and 37°C Microcentrifuge (benchtop) with cooling system Microcentrifuge tubes (1.5 mL) Polypropylene tubes (15 mL) PTC-225 PCR (polymerase chain reaction) machine (MJ Research) FIGURE 1. Overall workflow of generating a reporter/conditional/null targeting vector. (A) First, a BAC clone containing the region of interest is obtained and made recombineering competent by pSim18 plasmid transformation. Exon 4, which encodes the main functional domains of the Bcl11a protein, is selected to be the deleted region and would be flanked by loxP sites in the conditional allele. (B) The Bsd cassette flanked by two rare cutter sites, I-SceI and I-CeuI, is targeted upstream of the intended deleted region. Subsequently, the loxP-F3-PGK-EM7-Neo-F3 (Neo) cassette is targeted downstream of the deletion region (matching colored bands represent homology arms used for recombineering). In a typical cko vector, we select between 4 and 5 kb genomic DNA as the left homology arm (5′), and 2-3 kb as the right homology arm (3′). The genomic DNA region to be deleted is generally between 1 and 7 kb. (C) The doubly targeted genomic DNA region is then retrieved from the BAC into PL611, which contains the Amp R gene. (D) The Bsd cassette is then replaced by a reporter (i.e., the lacZ reporter cassette) by a simple restriction digestion and ligation process. The final targeting vector has the lacZ reporter flanked by two FRT sites with a loxP site and an F3-flanked Neo cassette with a loxP site. Finally, the negative selection marker thymidine kinase (TK) is added to the vector backbone by recombineering and the vector is linearized with I-PpoI before using it for embryonic stem cell targeting. (For color figure, see doi: 10.1101/pdb.prot5291 online at www.cshprotocols.org.)
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METHOD PCR Amplification of the Selection Cassettes (3 h)
1. Set up restriction digestion of the selection cassettes and retrieval vector (1.0 µg) with 1 µL of each enzyme, 3 µL of the appropriate NEB buffer, 0. ii. Incubate at 37°C for 1 h.
iii. Heat inactivate at 80°C for 20 min.
5. Run 1 µL of PCR reaction in a 1% agarose gel to check for PCR products. Purify the rest of the PCR reactions using a QIAprep Spin Miniprep Kit, and elute in 50 µL of PCR-grade water.
Conferring Recombineering Competence to BAC-Harboring Cells (2 d)
6. Inoculate BAC cells (containing genomic region of interest) into 1.0 mL of low-salt LB liquid medium with Cm (in a 15-mL polypropylene tube). Grow cells overnight at 37°C with shaking at 200 rpm.
7. Transfer cells to a 1.5-mL microcentrifuge tube and collect cells by centrifuging the tube at maximum speed using a benchtop centrifuge for 25 sec.
8. Decant supernatant and wash three times with ice-cold water. Pellet cells by centrifuging at maximum speed using a benchtop centrifuge for 25 sec at each wash step.
9. Resuspend cells in 50 µL of ice-cold water with 1 ng of pSim18 and electroporate using the Gene Pulser Xcell Electroporation System (1.75 kV, 25 µF with the pulse controller set at 200 Ω).
10. Add 1.0 mL of low-salt LB liquid medium to the cuvette and incubate the transformation mixture at 32°C for 1 h. 16. Transfer cells into four 1.5-mL microcentrifuge tubes and centrifuge at maximum speed using a benchtop centrifuge for 25 sec.
17. Decant supernatant and wash three times with ice-cold water. Pellet cells by centrifuging at maximum speed using a benchtop centrifuge for 25 sec at each wash step.
18. Combine cells from all four tubes, resuspend them in 50 µL of ice-cold water with~300 ng-1.0 µg of PCR product (Bsd cassette), and perform electroporation.
19. Add 1.0 mL of LB to the cuvette and incubate the transformation mixture at 32°C for 1 h. 27. Place the heat block directly onto ice and incubate for 5 min.
28. Transfer cells into four 1.5-mL microcentrifuge tubes and centrifuge at maximum speed using a benchtop centrifuge for 25 sec.
29.
Decant supernatant and wash three times with ice-cold water. Pellet cells by centrifuging at maximum speed using a benchtop centrifuge for 25 sec at each wash step.
30.
Combine cells from all four tubes, resuspend in 50 µL of ice-cold water with~300 ng-1.0 µg of PCR product (PL611 retrieval cassette), and perform electroporation.
31. Add 1.0 mL of LB to the cuvette and incubate the transformation mixture at 32°C for 1 h. 38. Isolate the plasmids from the cell mixture using a QIAprep Spin Miniprep Kit and check these plasmids using restriction digestion with appropriate enzymes. These Kan R colonies are the correctly retrieved plasmids. Incubate reaction at 37°C for 2 h.
Replacement of Bsd
The activity of I-SceI in NEB buffer 4 is 50%; therefore, we use twice as much I-SceI in the double digestion reaction with I-CeuI.
40. Purify the restriction-digested retrieved plasmid using a QIAprep Spin Miniprep Kit and elute DNA in 30 µL of PCR-grade water.
41.
Run the restriction digestion reaction of PL613 through a 1.0% agarose gel, and purify the lacZ reporter cassette (7 kb band) from the backbone using a QIAquick Gel Extraction Kit.
42.
Set up the ligation reaction of purified digestion products as follows:
12 µL of lacZ reporter cassette (600 ng) 10 µL of purified retrieved plasmid (50 ng) 2.5 µL of T4 DNA ligase buffer 1.0 µL of T4 DNA ligase
Incubate the reaction at room temperature (25°C) for 2 h. 52. Transfer cells into four 1.5-mL microcentrifuge tubes and centrifuge at maximum speed using a benchtop centrifuge for 25 sec.
We find that increasing the molar ratio of the insert (lacZ reporter cassette) to the vector (retrieved plasmid backbone) to 10:1 results in a dramatic increase in the number of Puro
53. Decant supernatant and wash three times with ice-cold water. Pellet cells by centrifuging at maximum speed using a benchtop centrifuge for 25 sec at each wash step.
54.
Combine cells from all four tubes, resuspend in 50 µL of ice-cold water with~10-100 ng of purified Cm-MC1TK cassette, and perform electroporation.
55. Add 1.0 mL of LB to the cuvette and incubate the transformation mixture at 32°C for 1 h. 65. Run the restriction digestion products through a 1% agarose gel to check for expected restriction digestion patterns.
66. Sequence the final targeting vectors to verify the key DNA junctions, including the two junctions between the plasmid backbone and the two ends of the retrieved genomic DNA fragment, and the loxP, FRT, and F3 sites.
TROUBLESHOOTING
Problem: Multimers of plasmids are obtained after recombineering.
[Steps 21, 32, and 57] Solution: Follow Steps 57-62 and perform selection using appropriate antibiotics after retransformation. Alternatively, choose a suitable restriction enzyme to linearize plasmids followed by religation and retransformation of the plasmids. This will eliminate multimers of plasmids. 
